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(54) TiUe: SYSTEMS FOR ORAL DEUVERY 
(57) Abstract 



A pharmaceutical or another, biologically active substance, for oral 
administration, can be 'V^oated" or ^^encapsulated" with a caiboxylic acid, 
such that the substance is protected from proteolysis in the stomach and is 
taken up ftom the intestine. It is thought ^ the carboxylic acids coat and 
protect the active agent from the proteolytic envrionment of the stomach, 
allowing the agent to pass safely thiough the stomach and to be absoibed 
In the small intestines. The caiboxylic acid agent complex can be adopted 
for oral, nasal, buccal, and transdennal deliveiy of moderately soluluble 
and even insoluble bioactive agents. 
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SYSTEMS FOR ORAL DELIVERY 

BACKGROUND OF THE INVENTION 
s The piesem invention relates to carboxylic acid encapsulation systems useful for 

pharmaceutical delivery. In particular, the invention relates to inqiroved methods of 
protecting pharmaceuticals from intestinal degradation, for enhancing the oral uptake of 
die pharmaceutical agent widiin a vertebrate host and for the delivery of insoluble and 
moderately soluble pharmaceutical agents, and biologically active pharmaceutical 
to agents. 

Delivery of a pharmaceutical agent to its site of action and controlling the rate 
of release of pharxnaceudcal agents are enduring problems in developmg and improving 
pharmaceutical therapies. This is particularly a problem when the pharmaceutical to be 
delivered is administered orally to the target animal. In fliis regard, the gastro- 

15 in t estinal tract of vertebrate aoimals provides a number of physical and chemical 
barriers against the suocessfol administration of therapemic agents. For example a 
therapeutic agent must be able to withstand the attack of endogenous enzymes such as 
trypsin, pepsin and chymotrypsin, as well as gastric acidity without losing activity. 
Once the pharmaceutical has survived these conditions it must still cross the 

20 gastroiniestinal mucosa, enter the blood stream and move to the site where activity is 
required. Moreover, all of this must take place ai an appropriate rate to ensure the 
correct therapeutic dosage is delivered. Thus, many compounds are ineffective or 
exhibit low or variable potency when administered orally. Despite these problems it is 
still preferable to administer biologically active iigents orally, especially m terms of 

25 patient comfort* compUance, aooqitability and cost 

In the past, a number of delivery technologies have been developed, whidi 
attempt to solve these problems. The simplest of these is the administratiDn of a 
partiodarly hi^ dose of acdve agent, with the hope that at least some of the agent 
reaches the desired active site without degradation. This approadi to administration of 

30 eosmc agents is, however problemadc and generally not economical. An alternative 
approadi has been die use of enteric coadngs on tablets and gel fomnilation, with die 



1 



wo 00^2909 



PCT/IB99/018n 



object of delaying the release of the encapsulated compound until it has left the harsh 
environment of the stomach, thereby avoiding some, but not all of the proteolytic 
enzymes present in the intestine. There also has been considerable research recently to 
develop liposomes or lipid microbubbles that can be used to encapsulate active agents 
5 which is described by Patel et aL, FEBS Letters 62: 60, (1979), and Hashimoto et al., 
Endocrinol Japan 26: 337 (1976). These 2q}proaches have previously had little 
success. 

Microparticulate systems which can encapsulate pharmaceutical agents in order 
to provide proteaion in the intestine and regulate their rate of release were described m 

10 United States Patent No. 5352,461. This patent relates to drug delivery systems 
formed from 2,S-diketo-3^6-4i(4-succinyiaminobutyl)piperazine, which form particles 
that are pH sensitive so that at low pH they are stable and protect the encapsulated 
material from proteolysis, while at high pH they disassemble and release the emrapped 
pharmaceutical c^ent. Proteinoid micro-particles are also described, which are ckdmed 

IS to be able to encapsulate agents such as insulin and heparin and protect these molecules 
from gastric acidi^ and stomach enzymes. These particles, whidi are claimed to be of 
sufficiently small size to pass readily through the stomach wall, and to release the 
agents into the bloodstream, were proposed in International Patent Publication No. WO 
88/01213. Still other pH-titratable particulate systems are described in the work of 

20 Bergeron et al, /. Am. Qiem. Soc. 1 17: 6658 (1995). These structures are based upon 
the propenies of bis-araide dicarboxylic acids. These particles also share the 
properties of stability at low pH and instability as pH increases. 

International Patent Publication No. WO 96/29991 describes the formation of 
particles that are based upon polyaminoacids. more particularly polyleucine-glutamate. 

25 These particles which are prepared from namral amino acids have the property of 
controlled pardcle size and are stable ov^ a wide pH range. 

Other structures suitable for oral delivery of peptides and proteins are discussed 
by Leone-Bay et al., J. Med Chem. 39: 2571 (1996); and by Rivera et al., Pharm. 
Res., 14. 1830-34 (1997). For example, Leone-Bay and his co-workers describe Ae 

30 use of /V-acetylated, non-a, aromatic amino acids, to promote the absorption of 
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peptides and proteins. In an analogous system, sodium /V-[8-(2- 
hydroxybenzoyl)amino]caprylate has been used to enhance the absorption of heparin. 

Unfortunately, there are limitations to the effectiveness of the aforementioned 
described systems for pharmaceutical delivery according to the prior art, as they often 
utilize non-namral compounds to enhance oral delivery, and as such these molecules 
may have undesirable characteristics due to being foreign to the body. A further 
disadvantage is that most of these delivery systems required complicated chemical 
syntheses with resultant high costs. 

In order to protect the drug from the stomach, or the stomach from the drug, the 
drug may be included within an enteric coating, whereby the drug is released once it 
reaches the small intestine. Alternatively, solid dispersions of the drug are milled to 
produce sub-micron particles with a high surface area for more rapid dissolution. Both 
the enteric coating and the drug milling processes require complicated, high technology 
machinery and as such add considerable cost to the delivery of the drug. 

Another problem has been the delivery of insoluble and moderately soluble 
pharmaceutical compounds. Many insoluble and moderately water soluble biologically 
active agents are readily absorbed in the intestine. But the amount of orally 
administered biologically active agent that is actually absorbed may be much less dian 
the amount administered. To ensure that effective quantities of the biologically active 
agent administered reach the circulation, large amounts must be administered. One of 
the main reasons for the poor absorption of insoluble and moderately soluble 
biologically active agents is that, once the material reaches the intestine, much of it is 
not in solution and so it passes down the intestine, and is eventually excreted without 
being absorbed. When insoluble and moderately biologically active agents do disperse 
in the intestines, they often have slow and variable dissolution patterns. This leads to 
significant variation, in a given subjea as well as between subjects, with respect to the 
absorption of a biologically active agent. A need therefore exists for a new system for 
the enciqDsulation and delivery of biologically active agents diat is suitable for various 
forms of administration and that solves die foregoing problems. 
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SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to provide a new system for 
oral, nasal, buccal, and transdermal delivery of a range of bioactive agents, insoluble as 
well as moderately soluble, including but not limited to pqptides and proteins. 

It is a further object of the present invention to provide a system that 
overcomes, or at least substantially ameliorates, problems outlined above in relation to 
pharmaceutical agent delivery. 

One embodimem of the present invention is a pharmaceutical composition for 
biologically active agent delivery conq)rising a complex, between a caiboxyiic acid and 
a biologically active agent, that is stable at acidic pH in solution and unstable at basic 
pH in solution, widi the proviso that the carboxylic acid does not have an amide bond 
or a non-aromatic nitrogen. In two preferable embodiments, the biologically active 
agent to be delivered is an organic moiety or a biologically active agent chat has a 
solubility of less dian 0.05 moles per liter of water. In another embodunent of the 
present mvemion the carboigflic acid serves as a biologically active agent transport and 
delivery systwn. Another embodunent of the present invention is a metiiod of 
producing a carboxylic acid complex for biologically active agent encapsulation. In 
another embodiment, a method is provided for controlled release, in a patient, of a 
pharmaceutical agent. The method comprises administering to the patient an effective 
amount of a con^josition comprising a pharmaceutical agent enffapped within an acid 
complex. Yet another embodiment of this invention is a method for formulating a 
pharmaceutical composition that will deliver insoluble or moderately soluble 
biologically active agents by dissolving such biologically active agents in a alcohol 
before encapsulating tiiem with a carboxylic acid. A further embodunent of the present 
invention is a mediod of delivering biologically aoive carboxylic adds. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE I is a graph of the area under the curve (AUC) reduction in serum 
glucose levels in mg/dl from animals which have received an oral administration of 
5 insulin formulated with a carboxylic acid complex. 

FIGURE 2 is a graph of the AUC reduction in sermn glucose levels in mg/dl 
from animals which have received an oral administration of insulin fotmulated with an 
acid complex. 

to 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Throughout the present description, unless the conteict requires oiherwise, the 
word "comprise", and variations such as "conq)rises" or "conqprising", will be 
15 understood to imply the inclusion of a stated element or integer or group of elements or 
mtegers, but not the exclusion of any other element or integer or group of elements or 
integers. 

It has been discovered that a pharmaceuticai or anodier, biologically active 
substance, for oral administration, can be ''coated** or ^'encapsulated" with a carboxylic 

20 acid, such that the substance is protected from proteolysis in the stomach and is taken 
up from the intestine. In particular, the present inventor observed that when animals 
were fed insulin that had been precipitated with a carboxylic acid complex by a 
decrease in pH, there was a significant modification of serum glucose levels. This 
result is most likely due to the carboxylic acids coating and protecting the insulin from 

25 the proteolytic environment of the stomach, allowing the insulin to pass safely through 
the stomach and be absorbed in the small intestines. 

In accordance with the present mvention, carboxylic acids can be used to coat 
even a poorly or only moderately soluble biologically active agent, thareby to allow 
delivery and absorption in die intestines. A poorly or moderately soluble biologically 

30 active agent is first dissolved in an alcohol and carboxylic acid solution. This solution 
is then added to a basic solution, which can then be added to or titrated with an acid 
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solution, so that the carboxylic acid and active substance complex forms and 
precipitates out of solution. The precipitant is then administered to a patient. Thus, 
the active substance can be delivered readily, even if it is insoluble or only moderately 
soluble. This same method can also be used to formulate biologically active carboxylic 

5 acids prior to administration to a patient. 

In this context, the term "stable'' refers to a precipitated state of the caiboi^Iic 
acid/active agent complex, which state is sufficiently unchanging so that the complex 
can be separated, stored, and/or administered to a patient. On the other hand, the term 
^'unstable" connotes a state of dissolution, typically in an aqueous solution. 

to The term '^complex" denotes an aggregation of a precipitated carboxylic acid 

and a biologically active substance. The terms ^'coated" and "encapsulated" refer to a 
biologically active substance precipitated vi^ith a caAoxylic acid. A "modaately 
soluble- agent is defined as having a solubility of 0.05 to 0.01 moles per liter, while 
"insoluble- is less than 0.01 moles per liter. The terms "biologically active agOTi," 

15 "biologicaUy active substance," and "active agent" are all used synonymously. The 
terms "acid" and "alcohol" refer to pharmaceutically acceptable alcohols and acids, 
respectively. The term "exdpient" denotes a usually inert substance that forms a 
vehicle for a biologically active vehicle. 

The phrase "acidic solution" denotes one having a sufficient concentration of 

20 hydronium ions, that is a sufficiently low pH, to protonaie carboxylic acids to such an 
extent that the carboxylic acid precipitates out of solution and forms a stable complex 
with the biologically active agent that is present. Conversely, a "basic solution" is 
characterized by a sufficiently low enough concentration of hydronium ions, that is a 
high pH, to cause enough of the present carboxylic acid to become deprotonated or 

25 ionized at its functional carboxyl group so that the carboxylic acid dissolves in an 
aqueous solution. 
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Carboxylic Adds 

A preferred class of suitable, saturated carboxylic acids for the invention 
conform to the general formula RCOOH, wherein R is a Q to Cjo, preferably Qto 
straight or branched chained alkyl, cycloalkyl, or cycloalkyalkyl, optionally substituted 

5 by a carboxyl, hydroxyU or carbonyl oxygen. In this class, for example, are decanoic 
(lauric) acid, undecanoic acid, dodecanoic acid, tetradecanoic (myristic) acid, 
hexadecanoic (pahnitic) acid, octadecanoic (stearic) acid, eicosanoic (arachidic) acid, 
nonadecanoic acid, 2-hydroxydodecanoic acid, I2^hydrocyclodecanoic acid» 12- 
hydroxystearic acid, 4-tertbutylcyclohexane carboxylic acid, and 2-hexyldecanoic acid. 

10 Preferred unsamrated carboxylic acids, according to the invention, have the 

general formula RCOOH, wherein R is a Q to Cjq, preferably Q, to C20. straigjit or 
branched chained all^l, cycloalkyl. or cycloallgralkyl, optionally substituted by a 
carboxyl hydroxyl, or carbonyl oxygen. Illustrative of these are pahnitoleic acid, oleic 
add, ricinoleic acid, linoleic acid, arachidonic acid, linolenic acid, gamma*iinoienic 

15 acid, isanic acid, undecylenic acid, cis-5-dodecenoic acid, 10-undecynoic acid, elaidic 
acid, vacoenic acid, myristoleic acid, eicosenoic acid, eicosatrienoic acid, 
eioosapentaenoic acid, docosahexaenoic acid, hydnocarpic acid, retinoic acid, and 
traumatic acid. 

Preferred steroid ring system carboxylic acids, have a steroid ring system and at 
20 least one carboxylic acid group. Examples of this class includes fosidic acid, apocholic 
acid, ordiocholic acid, ch^uxieoxycholic acid, hydroxycholic acid, and 
tursodeoxycholic acid. 

Other carboxylic acids which are suitable for this invention are abietic acid, 
pimaric acid, butibufen, (p-nonylphenoxy)acetic acid, unoprostone, linu^irost, 7- 
25 hydroxycoumarin-4-acetic acid, 2-(4-isobutylphenyl)butyric acid, levulinic acid, 
vemolic acid, 4-butylbenzoic acid, 4-tert-butylbenzoic acid, 5-phenylvaleric acid, 4-(4- 
methoxyphenyO-butyric acid, trans-4-penrylcyclo-hexane carboxylic acid, 4-biphrayl 
carboxylic acid, 4'-hydroxy-4-biphenyl-carboxylic acid, a]^ha-(terbutyl)hydroduiamic 
acid, 4-hexylbenzoic acid, 4-hexyloxybenzoic acid, 4-benzoyl benzoic acid, 4-bipheiiyl 
30 acetic acid, benzilic acid, 4-heptyl benzoic acid, 4-heptyloxy benzoic acid, cinnamic 
acid, 4-ethyl-4-biphMiylcarboxylic acid. 4-ocQrlben2oic acid, 4-octoxybenzoic add, 4- 
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bcnzyloxy-3-meihoxyphenyl acetic acid, 4-nonyloxy-benzoic acid, 4-palmiiylbenzoic 
acid, 4-palmitoiyl-benzoic acid, and 4-undecyloxy-benzoic acid. 

Pursuant to the present invention, a pharmaceutical agent can be incorporated 
within the carboxylic acid system at die time of its formation, preferably by including 
5 the agent within the mixture of components required to produce the formulation. 

Forming Carboxylic Acid Complexes 
The ratio of moles of carboxylic acid to bioactive agent in the present invention 
can range from 2:1 to 250:1, preferably from 10:1 to 30:1. 
10 In preparing a carboxylic acid formulation, according to the present invention, 

the basic solution preferably is added slowly, drop-wise and with stirring, into an acidic 
solution containing a bioactive agent. During the addition of basic solution, containing 
the carboxylic acid, to the acidic solution containing the bioactive agent, the latter 
becomes mildly opalescent and tbsn more and more turbid, finally forming a dose 
IS suspension which precipitates gradually, once stirring ceases. 

This suspension can be administered while in the acidic solution or can.be 
separated from the liquid and further formulated, with one or more excipients. (The 
acidic solution also could be combined with one or more excipients, prior to 
administration.) The suspension can be separated by filtration, evaporation, rotatory 
20 evaporation, centrifiigation, or decantation, or by any other means known by one 
skilled in the art. The suspension, in a dried or undried state, then can be combined 
with one or more excipients. 

According to one embodiment of the present invention, the carboxylic acid 
cony)lex is a composition formulated with the following components: a long-chain, 
25 saturated or unsaturated, carboxylic acid dispersed m a weakly basic solution, and a 
biologically active agent, dispersed in a weakly acidic solution. This composition can 
be made by titration of one solution into the other to form an acidic solution, which 
contained the precipitated, encapsulated biologically active agent. 

The present invention is described further below with reference to the 
30 following, non-limitmg examples. 
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Example 1 

General Method for the Synthesis of 
Carboxvlic Acid Structures That Contain Insulin 
Carboxylic acid (CA) is dissolved at 100 mg/nd in ethanol. The AA solution is 
5 then added to 0.25 M K.COj to give a final concentration of 5 mg/ml. The mixmre is 
thoroughly mixed by vonexing and slowly added to an equal volume of 0.5 M citric 
acid containing 5 mg/ml insulin. The solution was allowed to stir overnight* and was 
then stored at 4 **C before use. 

10 Example! 

Use of Dodecanoic Acid for the Synthesis of 
Carboxvlic Acid Structures That Contain Insulin 
Dodecanoic acid (DDA) is dissolved at 100 mg/ml in ethanol. The DDA 
solution is then added to 0.25 M KjCO, to give a final concentration of 5 rag/ml. The 
15 mixwre is ±oroughly mixed by vortexing and slowly added to an equal volume of 0.5 
M citric acid containing 5 mg/ml insulin. The solution was allowed to stur overnight, 
and was then stored at 4 ""C before use. 

Example 3 

Use of Tetradecanoic Acid for the Svnthesis 
of Carboxvl ic Acid Stnicmres Containing Insulin 
Tetradecanoic acid (TDA) is dissolved at 100. mg/ml in ethanol. The TDA 
solution is then added to 0.25 M K^COj to give a final concentration of 5 mg/ml. The 
mixmre is thoroughly mixed by vortexing and slowly added to an equal volume of 0.5 
25 M citric acid containing 5 mg/ml insulin. The solution was allowed to stir ovemig}it, 
and was then stored at 4 ""C before use. 
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Example 4 

Use of Hcxadecanoic Acid for the Synthesis 
of Carboxvli c Acid Structures Containing Insulin 
Hcxadecanoic acid (HDA) is dissolved at 100 mg/ml in ethanol. The HDA 
5 solution is then added to 0.25 M K^CO^ to give a final concentration of 5 mg/ml. The 
mixture is thoroughly mixed by vortexing and slowly added to an equal volume of 0.5 
M citric acid containing 5 mg/mi insulin. The solution was allowed to stir ovemigbt, 
and was then stored at 4 ''C before use. 

^0 Example 5 

Use of Octadecannic Acid for the Synthesis 
of Carboxvlic Acid Stnicmres Conraipinp Iny iHn 
Octadecanoic acid (ODA) is dissolved at 100 mg/ml in ethanol. The ODA 
solution is then added to 0.25 M K2CO3 to give a final concentration of 5 mg/ml. The 
15 mixture is thoroughly mixed by vortexing and slowly added to an equal volume of 0.5 
M citric acid containing 5 mg/ml insulin. The solution was allowed to stir overnight, 
and was then stored at 4 ""C before use. 

Example 6 

^0 Use of Oleic Acid for the Synthesis of 

Carboxvlic Acid Structures Containing Insulin 
Oleic acid (OA) is dissolved at 100 mg/ml in ethanol. The OA solution is then 
added to 0.25 M K,CO^ to give a final concentration of 5 mg/ml. The mixture is 
thoroughly mixed by vortexing and slowly added to an equal volume of 0.5 M citric 
25 acid containing 5 mg/ml msulin. The solution was allowed to stir ovemigbt, and was 
then stored at 4 before use. 
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Example? 

Use of Palmitoleic Acid for the Synthesis of 
Carboxvlic Acid Stnicnires Containing Insulin 
Palmitoleic acid (PA) is dissolved at 100 mg/ml in ethanol. The PA solution is 
then added to 0.25 M KXOj to give a final concentration of 5 mg/ml. The mixture is 
thoroughly mixed by vortexmg and slowly added to an equal volume of 0.5 M citric 
acid containing 5 mg/ml insulin. The solution was allowed to stir overnight, and was 
thm stored at 4 ""C before use. 

Examples 

Use of Ricinoleic Acid for the Synthesis of 
Carboxvlic Ac id Stmcmres Cnnrainrng Ingi^in 
Ricinoleic acid (RA) is dissolved at LOO mg/ml ui edianol. The RA solution is 
then added to 0.25 M KjCO, to give a final concentration of 5 mg/nri. The mixture is 
thoroughly mixed by vortmng and slowly added to an equal volume of O.S M citric 
acid coniaining 5 mg/ml insulm. The solution was allowed to stir overnight, and was 
then stored at 4 ""C before use. 

Example 9 

Use of Fusidi c Acid for the Synthesis of 
Carboxvlic A cid Stmcmres Containing Insulin 
Fusidic acid (FA) is dissolved at 100 mg/ml in ethanoL The FA solution is then 
added to 0.25 M KjCO, to give a final concentration of 5 mg/ml. The mixture is 
thoroughly mixed by vonexing and slowly added to an equal volume of 0.5 M citric 
acid containing 5 mg/ml msulin. The solution was allowed to stk overnight, and was 
- then stored at 4 ''C before use. 

BbhgicaUy Active Agents and Carboxylic Acid Complexes 
As indicated above, the carboxylic acid transport delivery system accoiding to 
the present invention has special utility for assistmg the delivery of pharmaceutical 
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agents which otherwise would experience a loss of efficacy as a result of instability, 
inadequate uptake following oral administration, an inappropriate rate of release, 
and/or insufficient solubility. Accordingly, die pharmaceutical agents comprehended 
by the present invention particularly include peptide and protein pharmaceuticals that 
are the subject of proteolytic attack or are unstable at the low pH of the stomach as 
well as biologically active agents that are insoluble or moderately soluble in an aqueous 
solution. Therapeutic agents according to the invention can be delivered via oral, 
nasal, buccal, puhnonary, intravaginaily and dermal routes of administration. 

In the context of this invention it must be stressed, chat the phrase 
'^pharmaceutical agent** or '^biologically active agent*' is not intended to be limited to 
peptide and protein pharmaceuticals or insoluble and moderately soluble agents but can 
include therapeutic, prophylactic or diagnostic agents, and organic moieties whose 
delivery may be aided by incorporation into carboxylic acid systems. This organic 
moieties include proteins, pq)tides, polysaccharides « lipopolysaccharides, lipoproteins, 
glycoproteins, oligonucleotides, or polynucleotides. Species of DNA and RNA (sense 
or antisense), antibodies, vaccines as well as chemotherapeutic agents are also 
contemplated. The phrase "pharmaceutical agent** encompasses sunple organic or 
inorganic compounds, nutritional agents or even imaging agents such as mecals, 
radioactive isotopes, radio-opaque or radioiucem agents. 

Examples of traditional chemotfierapeutic agents include but are not restricted to 
hormones, polysaccharides, such as heparin, vasoactive and neuroactive agents, 
immunomodulating agents, cytotoxic agents, steroids, decongestants, anaesdietics, 
sedatives, anti-uaflanunatory agents, anthelmintics, anti-arrhythmic agents, antibiotics 
(including penicillins), anticoagulants, antidepressants, antidiabetic agents, anti- 
epileptics, anti-histamines, anti-hypertensive agents, anti-muscarinic agents, aoti- 
mycobacterial agents, anti-neoplastic agents, immunosuppresants, antt-tiiyioid agents, 
antiviral agents, anxiolytic sedatives (hypnotics and neurolqitics), astringents, beta- 
adrenooeptor blocking agents, blood products and substitutes, cardiac inotropic ag»ts, 
contrast media, corticosteroids, cough siqjpressanis (eiqiectorants and nmcolytics), 
diagnostic agents, diagnostic imaging agents, diuretics, dopaminergics (anti- 
parkinsonian agents), haemostatis, immunological agents, lipid regulating agents. 



12 



wo 00/22909 



PCT/1B99/01872 



niuscle relaxants, parasympathomimeiics, parathyroid calcitonin and bisphosphonates, 
prostaglandins, radio-pharmaceuticak, sex hormones (including steroids), anti-allergic 
agents, stimulants and anoretics, sympathomimetics, thyroid agents, vasodilators and 
zanthines or other agents required to be delivered to a patient for therapeutic, 
5 prophylactic or diagnostic purposes. 

Potential biologically active agents for peptide and protein delivery include 
alpha antitrypsin, angiogenesis factor, anakinra, antitumor necrosis factor, anriopq>tm, 
calcitonin, cardiac glycosides, epidermal growth factor, erythropoietin, elastase 
inhibitor, epoetin alpha, epoetm beta, fdgastrim, factor Vm, factor K. granulocyte 
10 colony stimulating factor, hinidm, insulin, interferons, interferon-alpha, interferon- 
gamma, insulin-like growth factor I, insulin-like growth factor I receptor, insulin-like 
growth factor II, interleukin 2, interleukin 3, interleukin 4, interleukin 5, interleukin 6, 
interieukin 7, interleukin 8, interleukin 9, mterleukin 10, interleukin 11, interleukin 12, 
interleukm 12 p40, interleukin 12 p70, interleukin 13, interlaikin 15, interlwikin 16, 
IS interleukm 17, interleukin 18/IGIF, LHRH analogs, monoclonal antibodies, 
neuropqnides, oxytocin, plasminogen activator inhibitors, platelet derived growth 
factor, platelet-derived growth factor A chain, platelet-derived growth factor AA, 
platelet-derived growth factor AB, platelet-derived growth factor B chain, platelet- 
derived growth factor BE. sargramostim, somatostatin, superoxide dismutase, stem cell 
20 factor, tissue plasminogen activator, thrombopoietin, tumor necrosis factor, 
vasopressin, and wound healing factor. Other molecules include polysaccharides such 
as heparin and heparin sulphate. 

Additional biologically active agents include 6ckine, amphiregulin, angiogenin, 
Pj-microglobulin, betacellulm, bram-dmved neurotrophic factor. CIO. ciliary 
25 neuroorophic factor, ciliary neurotrophic factor receptor alpha, CPP32. CRG-2, 
cytokine-mduced neutrophil chonotactic factor 1. cytokine-tndnced neutrophil 
chemotactic factor 2 alpha, cytokine-induced neutrophil chemotactic faoor 2 beta, 
cytotoxic t-lymphoc^-associated molecule 4, beta endothelial cell growth factor, 
endothelin-1, eotaxin, eotaxin-2. epithelial-derived neutrophil aitractant 78. 
30 erythropoietin receptor. Fas, fibroblast growth jEactor 4, fibroblast growth factor 5, 
fibroblast growth factor 6, fibroblast growth factor 7/KGF, fibroblast growth fector 8. 
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fibroblast growth factor 8b, fibroblast growth factor 8c, fibroblast growth factor 9, 
fibroblast growth factor acidic, fibroblast growth factor basic. Flt-3 ligand, fractalkine, 
glial cell line-derived neurotropic factor, granulocyte chemotactic protein, granulocyte 
colony stimulating factor receptor, granulocyte macrophage colony stimulating factor, 

5 growth related protein, growth related protein alpha, growth related protein beta, 
growth related protein gamma, hemofiltrate CC chemokine I, heparin binding 
epidermal growth factor, hepatocyte growth factor, hereguiin alpha, heregulin beta 1, 1- 
309, interleukin 1 alpha, interleukin 1 beta, interleukin I receptor antagonist, IP-IO, 
JE/MCP-1, KC, keraiinocyte growth &ctor/FGF-7, lactoferrin. leptin, leukemia 

10 inhibitory factor, luciferase, macrophage colony stimulating factor, macrophage colony 
stimulating factor receptor, macrophage inflammatory protein I alpha, maoophage 
inflammatory protein I beta, macrophage inflammatory protein I ganona, mac^hage 
i nf la mm a t ory protein 2, macrophage inflammatory protein 3 alpha, mao^phage 
inflammatory protein 3 beta, macrq)hage migration inhibitory faoor, macrophage- 

15 derived chemokine, MARC/MCP-3, macrophage sdmuhiting protein, midkine, 
monocyte chemotactic protein 1/MCAF. monocyte chemotactic protein 2, monocyte 
chemotactic protein 3, monocyte chemotactic protein 4, monocyte chemotactic protem 
5. MMP-1. MMP-2, MMP-3, MMP-7, MMP-9, MMP-12, myeloperoxidase, beta 
nerve growth factor, neurotrophin 3, neurotrophin 4, nitric oxide syntiiase, oncostatin 

20 M, placenta growth factor, placenta growth factor 2, platelet-derived endodielial cell 
growdi factor, pleiotrophin, pre-B cell growth stimulating factor/SDF-l, RANTES. 
secretory leukocyte protease inhibitor, suromal cell-derived factor 1/PBSF, stromal cell- 
derived factor 1 alpha/PBSF, stromal ceU^erived factor 1 beta/PBSF, thymus and 
activation-regulated chemokine, tiiymus-expressed chemokine, transforming growth 

25 factor alpha, transforming growdi factor beta, transforming growtfi factor beta I, 
transforming growdi factor beta 1.2, transforming growdi factor beta 2. transforming 
. growth factor beta 3, transforming growdi factor beta 5, latency-associated pq)tide, 
latent transfonning growth factor b^ 1, transforming growdi faoor beta binding 
protein, tumor necrosis faaor alpha, tumor necrosis factor beta, and vascular 

30 endothelial growth factor 
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Biologically active carboxylic agents that can be prepared prior to 
administration according one of the methods of the present invention include of 
butibufen, chenodeoxycholic acid, eicosapentaenoic acid. 4-ethyl-4-biphenylcarboxylic 
acid, fusidic acid, hydnocarpic acid, ibufenac, ibuprofen, lim^rost. prostaglandin El, 

5 prostaglandin F2a, retinoic acid, undecylenic acid, and unoprostone. 

Insoluble and moderately soluble biologically active agents include IT-pregma* 
2,4-dien-20-yno-[2,3-d]isoxazol-I7-ol(Danazol). 5.17.-r-(mehtylosulfonyIM'H-pregn- 
20-yno[3,2-c]pyrazoM7-ol(Steroid A), piposuifan, camptothecin. ethyl-3,S- 
diacetoamido-2,4,6-iriiodobenzoate, vitamin E, cyclosporin, propanolol, ibuprofen, 

10 fenoprofen, beclomethanzone, beclomethanzone, naproxen, naptfaalene phenanthrene, 
1,4-napthaquinone. 1,2-n^jthaquinone, griseofulvin. ubidecarenone, dexamethazone, 
pilocarpine, idarubicin, and anti-inflammatory agents including arthotpathy incduding 
diclofenac, fenclofenac, flufenamic acid, flurqyrofen, indom^hacin, ketoprofen, 
tolmetin, oxyphenbutazone, pheiQflbutazone. feprazone, azapropazone, piroxicam, and 

15 sulindac. 

The category of insoluble and moderately soluble biologically active agents also 
includes known analgesics, anti-inflammatory agents, anthelmintics, anti-arrhythmic 
agents, antibiotics including penicillins, anticoagulants, antidepressants, antidiabetic 
agents, anti-epileptics, anti-histamines, anti-hypertensive agents, anti-muscarinic 

20 agents, anti-mycobacterial agents, anu-neoplastic agents, immunosuppresants. anti- 
ttiyroid agents, antiviral agents, anxiolytic sedatives including hypnotics and 
neuroleptics, astringents, beta-adrenoceptor blocking agents, blood products and 
substitutes, cardiac inotropic agents, contrast media, corticosteroids, cough 
suppressants includmg expectorants and mucolytics, diagnostic agents, diagnostic 

25 imaging agents, diuretics, dopaminergics including anri-parkinsonian agsm, 
haemost^, immunological agents, lipid regulating agents, muscle lelaxants, 
parasympatiiomimetics, parathyroid hormone, calcitonin and bisphosphonates, 
prostaglandins, radio-pharmaceuticals, sex hormones including steroids. anti-allCTgic 
agents, stimulants and anoretics, sympattionumetics, diyroid agents, vasodilators, and 

30 zantbines. 
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The foregoing enumeration of active agents is not intended to be exhaustive. In 
addition, it should be noted that the pharmaceutical agents accordmg to the invention 
can be in various forms such as charged or uncharged molecules, components of 
molecular complexes, salts, amines, ethers, esters, amides or other derivatives or pro- 
5 biologically active agents of the agents concerned. 

Administering and Treatment with Carboxylic Acid Compositions 
Importantly, this invention also relates to a method of controlled biologically 
active ag«it release within a patient, which patient is administered a conq)osition 

10 comprising a pharmaceutical agent which is entrapped or encapsulated w ithin a 
carboxylic acid system (CAS) according to the invention. In its broadest sense, this 
m^od can be used for the therapy, prophylaxis or diagnosis of any vertebrate animal, 
althou^ it is preferred that die animal concerned is a manmoal. Particularly prefoied 
are laboratory animals such as mice, guinea pigs, rabbits, domestic animals sudi as cats 

IS and dogs, farm animals such as horses, cattle, sheep, goats, pigs, captive wild ammals 
such as lions, tigers, elephants or primates such as hunums, chimpanzees, baboons, and 
apes. 

The effective amount of the pharmaceutical agent delivered when delivered in 
combfaiation within the CAS according to the invention will depend upon numerous 
20 factors which would be readily apparent to a person skilled in the art. For example, 
die type, age and sex of the vertebrate animal concerned, the disorder tfiat the ammal is 
suffering from, or prone to suffer from, the height and weight of the animal and 
naturally the type of pharmaceutical agent which is being delivered. The dose will also 
dq)end upon die stability of tiie CAS and die level of control over release of die 
25 entrapped or encapsulated pharmaceutical agent, which will be related to the namre of 
die acid carboxylic acid used to form die CAS. When all of these factors are taken into 
. consideration by a person skilled in the art, the appropriate dose can be determined. 

It may be necessary for the conqiositions accdrdiiig to the invention to be 
administered m conjunction widi one or more pharmaceutically suitable carriers and/or 
30 exdpients. Once agaui. die nanire of die carrier or excipient substance will depcmd 
upon numerous factors sudi as the route of administration, the nature of die cross- 
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linked particle, and the nature of the pharmaceutical agent concerned. For a complete 
discussion of appropriate pharmaceutical carriers and excipients, we refer to the 
HANDBOOK OF PHARMACEUTICAL EXCIPIENTS, Second Edition (1994). edited 
by Ainley Wade and Paul J. Weller, and published by The Pharmaceutical Press 

5 (London), the relevant contents of which are incorporated herein by reference. 
Pharmaceutically acceptable carriers are materials that can be used as a vehicle for 
administering a medicament because the material is inert or otherwise medically 
acoeptable, as well as compatible with the active agent. A pharmaceutically aooq^table 
carrier can contain conventional additives such as diluents, adjuvants, antioxidants, 

10 preservatives and solubilizmg ag«its. 

As indicated above, the conq)osition according to the invention can be 
administered via either enteral or parenteral routes of adnunistration. In the most 
preferred embodiment of the invention, administration is via the oral route although, 
for example, rectal adnunistration or direct adnunistration to the stomach or small 

15 intestine is also possible. In addition, it is envisaged that the conq>ositions according to 
the uivention also can be administered nasally, buccally, trassdermally, optically, 
aurally, vaginally, topically, puhnonary, or direcdy iiito an organ or via odier 
parenteral means. Suitable formulations for administration include aerosols, capsules, 
creams, lotions, lozenges, ointments, pills, powders, suppositories, syrups, tablets, 

20 tinctures, and unguents. 

For administration via tiiese means, the con^josiiion should be provided in a 
suitable dosage form with appropriate carriers and/or excipients, as discussed, for 
• example, in tiie HANDBOOK OF PHARMACEUTICAL EXCIPIENTS, cited above. 
Suitable^ excipients include but are not lunited to diluents, emulsions, gelatins, liquors, 

25 ointments, oleaginous vehicles, solutions and suspensions. 

Example 10 

Modification of Serum Glucose of Rats 
Receiving Caiboxvlic Add Structures that Contained Insulm 

30 

Male Wistar rats were placed m a restraining apparatus and a blood sample was 
obtained from the tail vein of the conscious rats. The rats then received by gavage 
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feeding a I mg dose of insulin fonnulated in CAS. At 60. 120, 180, 240 and 300 
minutes following injection the rats were bled from the tail vein. Serum glucose was 
measured directly from unclotted blood using a Precision QID Medisense™ glucomecer. 
Results are plotted using the glucose values obtained prior to insulin administration (To) 
5 as indicative of the normal values for each rat. Data from groups of four rats are 
presented as the mean ± 1 SEM. Data are calculated as the Area Under the Curve 
(AUC) of reduction in serum glucose levels when compared to Che values obtained at 
To. 

FIGURE I shows a modification of serum glucose levels following oral 

10 adminisiraiion of a 1 mg dose of insulm formulated withm CAS. Data is presented as 
the mean AUC (6 hours) ± 1 SEM. CAS were formed with deoxycholic acid (DOC), 
decanoic acid (Deca), dodecanoic acid (Dodeca), tetradecanoic acid (Tetradeca), 
hexadecanoic acid (Hexadeca) or octadecanoic acid (Octadeca), formulated usmg eidier 
0.5 M citric acid as the acid phase, or 1.5 M acetic acid (Ac), as the acid phase. As 

15 can be seen from Figure 1 there was a significant modification of serum glucose when 
rats were fed insulin incorporated within CAS made of deoxycholic acid (DOC), 
decanoic acid (Deca), dodecanoic acid (Dodeca), tetradecanoic acid (Tetradeca), 
hexadecanoic acid (Hexadeca) or octadecanoic acid (Octadeca), formulated using either 
0.5 M citric acid as the acid phase, or 1.5 M acetic acid (Ac), as the acid phase, 

20 nOURE 2 shows a modification of serum glucose levels following oral 

adniinisttation of a I mg dose of insulin formulated within CAS, Data is presented as 
the mean AUC (6 hours) ± 1 SEM. CAS were formed with oleic acid, paUnitoleic 
acid, ricinoleic acid, or fosidic acid, formulated using 0.5 M citric acid as the acid 
phase. As can be seen from Figure 2 there was a significant modification of serum 

25 glucose when rais were fed msuUn incorporated withm CAS made of oleic acid, 
plamitoleic acid, ricmoleic acid, or fiisidic acid, fonnulated using O.S M citric add as 
the acid phase. 

b is to be understood that the present invention has been described by way of 
example only and widi reference to a number of preferred embodunents. Modifications 
30 and/or alterations to the invention which would be obvious to a person skilled in die art 
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based upon the disclosure herein, are considered to fall within the intended scope and 
spirit of the invention. 

The respective disclosures of all publication cited above are expressly 
incorporated by reference in their entireties, to the same extent as if each were 
incorporated by reference individually. 
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Claims 

1. A pharmaceutical composition comprising a biologically active agent 
encapsulated by a carboxyiic acid that forms a complex that is stable at an acidic pH in 
solution and unstable at a basic pH in solution, wherein said carboxyiic acid does not have 
an amide bond or a non-aromatic nia:ogen. 

2. A pharmaceutical composition accordii^ to claim I, wheiein said agent is an 
organic moiety. 

3. A pharmaceutical composition according to claim 2, wherein said ^ent is 
selected from the group consistmg of a protein, a peptide, a polysaccharide, a 
lipopolysaccharide, a lipoprotein^ a glycoprotein, an oligonucleotide, or a polynucleotide. 

4. A pharmaceutical composition according to claim 2, wherein said agent has a 
solubility of less than or equal to O.OS moles per liter of water. 

5. A pharmaceutical composition according to claim 1, said carboxyiic acid being 
a saturated fatty acid of the formula RCOOH. wherein R is a Q to Cjo straight or branch 
chained alkyl, cycloalkyl. or cycloalkyallq^l, optionally substittited by a carboxyl, 
hydroxyl, or carbonyl oxygen. 

6. A pharmaceutical composition according to claim 5, wherein said saturated 
fetty acid is selected from the group consisting of decanoic acid, undecanoic acid, 
dodecanoic acid, tetradecanoic acid, hexadecanoic acid, octadecanoic acid, eicosanoic 
(arachfdic) acid, nonadecanoic acid, 2-hydroxydodecanoic acid, l2-hydrocyclodecanoic 
acid, 12-hydroxystearic acid, 4-tertbutylcyclohexane carboxyiic acid, and 2-hexyldecanoic 
acid. 

7. A pharmaceutical conqrasition according to claim 1, said carboxyiic acid being 
an unsaturated fetiy acid having the formula RCOOH, wherein R is a Q to Cjo straight or 
branch chamed allqrl. cycloalkyl, or cycloaltyalkyl, optionally substituted by a carbojtyl, 
hydroxyl, or carbonyl oxygen. 
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8. A phannaoeutical composition according to claim 7, whecein said MfisafiiTBT^^ 
carboxylic acid is selected from the group consisting of palmitoleic acid, oleic acid, 
ricinoleic acid, linoleic acid, aradiidonic add, linoienic add, gaxnma-iinoleoic acid, jMnig 
acid, undecylenic acid, cis-S-dodeoenoic add, lO-undecynoic acid, eliddic acid, vaooenic 
add, myristoleic acid, eioosenoic acid, eioosatrienoic acid, eicosapmtam>ic acid, 
docosah^uienoic acid, hydnocaipic add, retinoic acid, and traumatic acid. 

9« k pbarmaceuticai composition according to daim 1, wboein said carboxylic 
add has a steroid ring system. 

10. A pharmaoeosical composition according to claim 9 whecein said steroid ring 
syston carboxylic acid is selected from the group consisting of fusidic add, apodiolic 
add; ortfaocholic add, cbmodeoxycholic acid, hydroxycholic acid, and ursodeoxycholic 
add. 

11. A pharmaceutical c(nqx>sition according to claim 1, wherein said carbosgrlic 
add is sdeoted from the poop consisting of abiedc acid, punaric add, butibufen, (p- 
noiiyiphenoxy)acetic acid, unoprostone, limaprost, 7*hydroxycouniarin-4-acetic add, 2-^4- 
isobutylphenyObutyric add, levulmic add, vemolic acid, 4-butylbenzoic add, 4-tert- 
butylbenzoic add, S-phenyivaleric add, 4-(4-methoxyphenyl)-butyric acid, trans-4- 
pemylcyclo-hexane carboxylic add, 4-biphaiyl carboxylic acid, 4'-hydroxy-4-biphenyl- 
carboxylic add, alpha-(terbutyl)hydrocinamic add, 4-hexylbeozotc acid, 4- 
hexyloxybenzoic acid, 4-benzoyl benzoic acid, 4-btphenyl acetic acid, benzilic acid, 4- 
h^tyl benzoic add, 4-hep^loxy benzoic add, cinnamic acid, 4-etfayI-4- 
biphenylcarboxylic acid, 4-octylbenzoic acid, 4-octoxybenzoic add, 4-baizyloxy-3- 
m^faoxyphenyl ac^c acid, 4-nonyloxy-beazoic acid, 4f}ahnityibenzoic add, 4-pahnitolyI- 
benzoic acid, and 4-undecyloxy-benzoic acid. 

12. A pharmaceutical composition accofdlng to claim 3, wherein said agmt is 

■nmilin, 

13. A pharmaceutical composition according to claim 3, wherein said agent is 
erythropoietin. 
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14. A pharmaceutical composiiion according to claim 3. wherein said agent is 
granulocyte colony stimulating factor. 

15. A pharmaceutical composition according to claim 3, wherein said agent is 
hirudin. 

16. A pharmaceutical composition according to claim 3, wherein said agent is 
vasopressin. 

17. A pharmaceutical composition according to claim 3, vdierein said ag^ is 
heparin. 

18. A method for the preparation of a pharmaceutical composition according to 
claim 1 comprising: 

dissolving said carboxylic acid in a pharmaceutically aocq>table alcohol 

adding said carboxylic acid solution to a basic solution of suitable pH at which said 

caibonylic acid is soluble; 

adding said carboxylic acid solution to an addic solution of said biologically active agents 
and; stirring such that said carboxylic acid precipitates with said agent« forming a 
conq)iex. 

19. A mediod according to claun 18, wherein said agent is selected from die group 
consisting of alpha antitrypsin, angiogenesis fiactor, anakinra, antitumor necrosis fiactor, 
atriopeptin, calcitonm, cardiac glycosides, epidermal growtii factor, erydu'opoiecin, 
elastase. mhibitor, epoain alpha, epoetin beta, filgastrim, factor vm, fector K, 
gEanuloqrte colony stimulating factor, hinidui, insulin, interfisrons, interfiBroiHdpha, 
intisrfennhgamma, tnsulm-iike growtii bctor I. instdin-like growdi factor I reoqitor, 
insulin-like growtii fiactor II, intorieukm 2, interieukin 3, tnterleukin 4, interleukin 3, 
tnterloddn 6, interleukin 7, interleukin 8, interleukin 9, interleukin 10, interleukin 11, 
interleukin 12, interleukin 12 p40, interleukin 12 p70, interleukin 13, interleukin 15, 
interleukin 16, interleukin 17. interleukin 18/IGIF, LHRH analogs, monoclonal 
antibodies^ neuropeptides, oxytocin, plasminogen activator inhibitors, platelet derived 
growtii faaor. platelet-derived growtii factor A cham. platelet-derived growtii factor AA, 
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platelet-derived growth factor AB. platelet-derived growth factor B chain, platelet-dwived 
growth factor BB, sargramosiini, somatostatin, superoxide dismutase, stem cell Cactor, 
tissue plasminogen activator, thrombopoietin, timior necrosis factor, vasopressin* and 
wound healing factor. 

20. A. method for the preparation of a pharmaceutical composition according to 
claim 1 comprising: 

dissolving said carboxylic acid in a pharmaceudcally acceptable alcohol: 

adding sakl caiix>xylic solution to a basic soludon of suitable pH at which said caiboxylic 

acid is sohible; 

adding an acidic solution of said biologically active agent to said carboxylic solution, and; 
stirring such that said carboxylic acid precipitates with said agent, forming a complex. 

21. A method according to claim 20, wherein said agon is selected from the groi^ 
oonsistmg of alpha antitrypsin* angiogenesis factor, anakinra, antitumor necrosis factor, 
atriopepdn* calchonin, cardiac glycosides, epidermal growth factor, erythropoietin, 
elastase inhibitor* epoetm alpha, epoetin beta, filgastrim, factor Vm, factor DC, 
granuloqrte colony s timul a ting factor, hirudin, insulin* insierfierons, interferon-alpha* 
inierfsron-gamma, tnsulin-like growth fiaictor I, insulin-like growth factor I receptor, 
insulm-like growth factor n, interieukm 2, int^leukin 3* interleukm 4* imerieukin S, 
interleukm 6, imerleuldn 7. interleukm 8, interleukin 9, imerieukin 10, interleukm lU 
mterleukm 12. imerieukin 12 p40. interleukin 12 p70. interleukin 13* int^ieukin IS, 
interleukin 16, interleukm 17, interleukm 18/IGIF* LHRH analogs, monoclonal 
andbodies* neuropeptides, oxytocin, plasminogen activator inhibitors, platelet derived 
growth factor, platelet-derived growth factor A chain, platelet-derived growth factor AA. 
platelet-derived growdi factor AB, platelet-derived growth factor B chain, platelet-derived 
growth factor BB, sargramostim, somatostatin, superoxide dismutase, stem cell factor, 
tissue plasminogen activator, thiombopoietin, tumor necrosis factor, vasopressin, and 
wound healing factor. 

22. A method for treating a patient with a pharmaceutical composition according 
to claim 1, comprising: administering an effective amount of said complex to patient in 
need thereof. 
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23 . A method according to claim 22. wherein said agent is selected from die group 
consisting of a^ha antitrypsin, angiogenesis factor, anakinra. antitumor necrosis fector. 
atriopepiin, calcitonin, cardiac glycosides, epidermal growdi fector. erydiiopoietm, 
elastase inhibitor, epoetin alpha, epoetm beta, frigastrim, fector Vm. fector K, 
granulocyte colony stimulating fector. hirudm. insulin, interferons, tnterferon-alpha. 
huerferonrgamma, insulin-like growdi fector I. insulin-like growdi feoor I receptor, 
insnlinrlike growdi fector H, imerleuUn 2. interleukin 3. interlenkin 4. imerleukin 5. 
interleukin 6. interleukin 7. interleukm 8, interleukin 9. interleukin 10. interlenkin 11. 
interlenkm 12. interleukin 12 p40. interleukin 12 p70, interleukin 13. interleukm 15. 
imerleukin 16. interleukin 17. interleukin 18/IGIF. LHRH analogs, monoclonal 
antibodies, neuropeptides, ojgrtodn, plasmmogen activator inhibitors, plateltt derived 
giowdi fector, platelet-derived growdi fector A chain, platelet-derived growdi fector AA, 
platelet^ierived growdi fector AB, platelet-derived growUi fector B chain, platelet-derived 
growdi fector BE, sargramostim, somatostatin, superoxide dismutase. strai cdl- fector. 
tissue plasminogen activator, duranbopoiedn. tumor necrosis fector. and wound healing 
fector. 

24. A method according to claun 22, wherein said conqjlex is suirounded by an 
enteric coating. 

25. A composition according to claim 4. wherein said agent selected from die 
group consisting of analgesics, anti-inflammatory agents, antiiehnintics. anti-arrhytiimic 
agents, antibiotics including penicillins, anticoagulants, antidepressants, antidiabetic 
agents, anti-epileptics, am-histamines. ami-hypertensive agents, anti-muscarinic agents, 
anti-mycobacterial agents, anti-neoplastic agents, immnnosuppresants, anti-diyroid agents, 
antiviral agents, anxiolytic sedatives inchiding hypnotics and neuroleptics, astringents, 
beta-adrenoceptor bloddng agems. blood products and subsdmtcs, cardiac inotropic 
agents, contrast media, corticosteroids, cough suppressants inchiding expectorants and 
mucolytics, diagnostic agents, diagnostic imaging agents, diuretics, dopammergics 
including anri-parkinsonian agems, haemosiatis. immunological agents. Upid cegolating 
agents, muscle relaxants, parasympadiomimetics, paratiiyroid honnone. calcitonin and 
bisphosphonates. prostagbmdins. radio-pharmaceuticals, sex hormones including steroids. 
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anti-aliergic agents, somulants and anoretics. sympaihomimetics, thyroid agents, 
vasodilators, and zambines. 

26. A pharmaceutical composition according to claim 4, wherein said biologically 
active agent is selected from the group consisting of l7-pregma-Z«4-dien-20-yno-[2,3- 
dlisoxazoH7-ol(danazol). 547^1 Minehtylosulfonyl)-rH-pregn-20-yno[3,2-clpyrazol-17- 
ol(steroid A), pqiosul&n, camptotfaecin, ethyl-3.5-diacetoanudo-2«4,6-triiodobenzoate, 
vitamin E, cyclosporin, propanolol, tbuprofen, fenoprofen, bedom^banzone, naproxm, 
naphthalene phenanthrene, U4-naphthaquinone, 1,2-napthaquittone, griseofulvin, 
ubidecarenone, dexamethazone, pilocarpine, idarubicin, and ami-hiflammatory agents 
including arthorpathy including diclofenac, fendofenac, flufienamic add, fluriprofen, 
indomediacin, kecoprofen, tohnetin, oxyphenbutazone, phenylbutazone, feprazone, 
azapropazone. piroxicam* and sulindac. 

27. A pharmaceutical composition according to claim 2, wherein said biologically 
active agent is selected from the group consisting of alpha antitrypsin, angiogenesis fiEurtor, 
anakmra, antimmor necrosis factor, atriopqnin, calcitonin, cardiac glycosides, epidermal 
growth factor, erythropoietin, elastase inhibitor, epoetin a^ha, epoetm beta, filgastrim, 
factor Vm, factor DC, granulocyte colony stunulating factor, hurudin. insulin, interferons, 
interfieron-alpha, interferon-gamma, insuliohlike growth factor I, insulin-like growth factor 
I receptor, insulin-like growth factor n, interleukin 2, interleukin 3, interleukin 4, 
interleukin S. interleukin 6, interleukin 7, interleukin 8. interleukin 9, interi«iicif> lO, 
interlcukm 11, interleukin 12, interleukin 12 p40, interleukin 12 p70, imerladdn 13, 
interleukin 15, interleukin 16, interleukin 17, interleukin 18/IGIF, LHRH analogs, 
monoclonal antibodies, neuropeptides, oxytocin, plasminogen activator inhibitors, platel^ 
derived growdi factor, platelet-derived growdi factor A cham, platelet-derived growtii 
factor AA, platelet-derived growtii factor AB. platelet-derived growtii factor B chain, 
platelet-derived growtii factor BB, sargramostim, somatostatin, superoxide dismutase, 
stem cell factor, tissue plasminogen activator, tiirombopoietm, tumor necrosis factor, 
vasopressin, and wound healing factor. 

28. A method for the preparation of a phannaceutical conq)osition accordixig to 
claim I, comprising: 
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dissolving said biologically active agent in a phamiaceucically acceptable alcohol; 
dissolving said carboxylic agent in said pharmaceucically acceptable alcohol; 
adding said mixture to a suitably basic solution in which said acid is soluble; and 
adding said solution containing mixture to an acidic solution and stirring such that said 
carboxylic agent precipitates with said agoit. 

29. A ffledu)d according to daim 28, wherein said agent is selected from die groiq) 
consisting of analgesics, anti-tnflanmiaiory agents « anthelmintics, anti-arrhythmic agents, 
antibiotics including penicillins, anticoagulants, antidepressants, antidiabetic agents, and- 
epileptics, ant-histamines, anti*hypenensive agents, anti-muscarinic agoits, and- 
mycobacterial agents, anti-neoplastic agents, inununosuppresants, anti-diyroid agents, 
antiviral agents, anxiolytic sedatives including hypnoncs and neurolepdcs, astringents, 
beta-adrenoceptor blocking agents, blood products and substitutes, cardiac inotropic 
agents, contrast media, corticosteroids, cough suppressants ingimitfig expectorants and 
mucolytics, (Uagnostic agents, dii^osuc imaging agents, diuretics, dopaminergics 
incl ud ing anu-parldnsonian agoits, haemostatis, immunological agents, lipid regnlatixig 
agents, muscle relaxants, parasympathomimetics, parathyroid hormone, /calcitonin and 
bisphosphonates, prostaglandins, radio-pharmaceuticals, sex hormones ingimiing steroids, 
anti-allogic agents, stimulants and anorerics, sympadiomimetics, thyroid agents, 
vasodilators, and zanthmes. 

30. A method according to claim 28, wherein said bioactive agent is selected from 
the group consisting of l7-pregma-2,4Kiien-20-yno-[2,3-dlisoxazol-l7-oKdanazol), 5.17,- 
lMniehtylosulfonyl)-rH-pregn-20-yno[3,2-c]pyrazol-l7H)^^^ A), p^posulfan, 

camptothecin, ethyl-3,S^iacetoaniido*2,4,6-triiodobenzoate, vitamin E, cyclosporin, 
propanolol, ibuprofen, fenoprofeiu beclomethanzone, naproxen, nqihthalene 
phenanthrene, L ,4-naphfliaquinone, 1,2-n^thaquinone, griseofulvin, ubidecarenone, 
dexamethazone, pilocarpine, idarubicin, and anti-inflammatory agents including 
arthorpathy including diclofenac, fenclofsnac, flufenamic acid, fluriprofen, indomethacin, 
ketoprofen, tohnetin, oxyphenbutazone, phenylbutazone, feprazone, azGq)ropazone, 
piroxicam, and sulindac. 



26 



wo 00^2909 



PCT/IB99/01872 



3L A method according to claim 28, wherein said complex is surrounded by an 
enmic coating. 

32. A phaimaoeutical composition according to claim 2« wherein said biologically 
active agent is selected from the groiq> consisting of 6ckine, amphiregulin, angiogeniUt - 
microglobulin, bdacdlulin, brain-derived neurotrophic factor, CIO, ciliary neurotrophic 
fector, ciliary neurotrophic factor reoqjtor alpha. CPP32, CRG-2, cyiokine-indnoed 
neutrophil chemotactic factor 1, cyiokine-induced neutrophil cbemotactic factor 2 a^ha, 
cytokine-induoed neutrophil chemotactic factor 2 beta, cytotoxic t-lyn^hocyte-associated 
molecule 4, beta oulothelial cell growdi factor, eodothelin-l, eotaxuu eotaxin-2, 
epidielial-derived n^itrophil attractant 78, erydiropoietin recq)tor. Fas, fibroblast growdi 
factor 4, fibroblast growdi factor S, fibroblast growth factor 6, fibroblast growth factor 
7/KOF, fibroblast growth factor 8, fibroblast growdi factor 8b, fibroblast growth factor 
8c, fibroblast growth factor 9, fibroblast growth factor acidic, fibroblast gcowdi factor 
basic, Flt-3 ligand, fractalkine, glial cell Une-derived neurotropic factor, granulocyte 
chemotactic protein, granulocyte colony stimuladng factor receptor, granuloqrte 
macrophage coloiqr stimulating factor, growdi related protein, growdi related protein 
alpha, growth related protem beta, growdi related protein gamma, hemofiltraie CC 
chemokine 1, heparin binding qridermal growth factor, hepatocyte growth factor, 
heregulin alpha, heregulm beta 1, 1-309, interleukin 1 alpha, interleukm 1 bM, int^eukin 
I receptor antagonist, IP-10, JE/MCP-l, KC, keratinocyte growdi &ciorflFGF-7, 
lactoferrin, leptin, leukemia inhibitory factor, luciferase. macrophage colony stimulating . 
factor, macrophage colony stimulatmg factor receptor, macrophage inflammatory protein 1 
a^ha, macrophage inflammatory protein 1 beta, macrophage inflammatory protein 1 
gamma, macrophage inflammatory protein 2, macrophage inflammatory protein 3 alpha, 
macrophage inflammatory protein 3 beta, macrophage migration inhibitory factor, 
macrophage-derived chemokme, MARC/MCP-3» macrophage stimulating protein, 
midkine, monocyte ch^otactic protein 1/MCAF, monocyte chemotactic protem 2, 
monocyte chemotactic protein 3. monocyte chemotactic protein 4, monocyte chemotactic 
protein 5, MMP-1, MMP-2, MMP-3. MMP-7. MMP-9, MDMP-12, myeloperoxidase, beta 
nerve growth factor, neurotrophin 3. neurotrophin 4, nitric oxide synthase, oncostatin M, 
placenta growdi factor, placenta growdi factor 2, platelet-derived endodielial cell growdi 
factor, pleiotrophin, pre-B cell growdi stimulating fa€tor/SDF-l, RANTES, secretory 
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leukocyte protease inhibitor* stromal cell-derived foctor 1/PBSF, stromal cell-derived 
^tor I alpha/PBSF, stromal cell-derived factor 1 beta/PBSF, diymiis and activation- 
regulated chemokine, thymus-expressed chemokine, transforming growth fiictor alpha* 
transforming growdi factor beta* transforming growth factor beta I, transforming growth 
&ctor beta 1.2* transforming growth factor beta 2, transforming growdi factor beta 3, 
transforming growdi factor beta S* latrat^-associaied peptide* latent transforming growth 
fiactor bea 1, transforming growth fiictor beta binding protein* tumor necrosis factor 
alpha* tumor necrosis factor beta* and vascular endothelial growth factor. 

33. A method for die preparation of a pharmaceutical conq^osition* comprising: 
selecting a biologically active carboxylic acid that forms a conq)lex whidi is stable 

at an acidic pH in solution and unstable at a basic pH in solution, 

dissolving said biologically active carboxylic acid in a phannaceutically acceptable 
alcohol; 

dissolving said carboxylic acid in said pharmaoeudcally acceptable alcohol; 
adding said mixture to a suitably basic solution in which said acid is soluble; and 
adding said solution containing mixture to an acidic solution and stirring such tfi^t 
said carboxylic acid precq)itates. 

34. The m^od accordmg to claim 33 wherein said carboxylic acid is selected 
from the poup consisting of butibufen, cbenodeoxydiolic add, eioosapentaenoic acid, 4- 
etfiyl4-biphenylcarboxylic acid* fiisidicacid, hydnocarpic acid* ibufenac, ibuprofen, 
limaprost. prostaglandin El, prostaglandm F2a* retinoic acid* undec^lenic acid* and 
unoprostone. 

35. A pharmaceutical composition according to claim 1* wherein said composition 
forther comprises at least one excipient. 

36. A pharmaceutical composition according to claim 1* wherein said composition 
formulated as an aerosol, a capsule, a cream* a lotion, a lozenge, an ointment* a pill* a 
powder, a suppository, a syrup, a tablet, a tincture, or an unguent. 
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